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Abstract :
We report on different types of two-dimensional photonic crystals on SOI (W1 waveguides, 2D layers, cavities, and coupled cavities) studied by the room temperature internal photoluminescence of Ge/Si selfassembled islands.
Photonic crystals are promising key elements for the development of compact active and passive devices in integrated optics. For silicon-based photonics, Ge/Si self-assembled islands are potential candidates as active layers for both emission and detection since these islands can be optically active in the transparency window of silicon beyond 1.2 µm. These Ge/Si self-assembled islands can be grown on silicon-on-insulator (SOI) substrates which are an ideal template to process twodimensional photonic crystals following the membrane approach. Self-assembled islands can be embedded as an active layer in SOI-based two-dimensional photonic crystals. Their luminescence properties in the near infrared spectral range can thus be used as an internal source to study the photonic crystals. In the following, we detail our recent results obtained in the study of different nanophotonic devices (single defect W1 waveguides, twodimensional photonic crystals with a triangular pattern, microcavities and coupled cavities) using this internal source. The investigated sample was grown in an ASM chemical vapor deposition reactor on a silicon-on-insulator substrate. It consists of a 240 nm thick silicon layer above the oxide, containing a single Ge selfassembled layer in the middle of the Si layer. The buried oxide layer of the 200 mm diameter SOI substrate is 400 nm thick. The waveguide sample reported below did contain additional thin n + and p + doped layers. The photonic crystals were realized by combining electron lithography and reactive ion etching [1] . An oxide hard mask, 300 nm thick, was first deposited on top of the structure. The triangular lattice pattern was defined by electron lithography with a UV3 photoresist. The pattern was first transferred in the oxide hard mask using etching with CHF 3 gas and in a second step was transferred in the silicon matrix down to the buried oxide layer by reactive ion etching with SF 6 + O 2 gases. The photonic crystals were probed at room temperature with a microphotoluminescence setup using a continuous wave 458 nm excitation delivered by an argon ion laser. Figure 1 shows the photonic band diagram in TM polarization (electric field along z direction) of a single defect W1 waveguide along GK direction. The waveguide is obtained by omitting to drill one row of air holes in the triangular pattern of the photonic crystal. The W1 waveguide is the narrowest waveguide that can be realized along this direction. Laterally confined modes can be found at the edge of the Brillouin zone below the light line. These modes are not expected to suffer from vertical losses due to the coupling to the radiative continuum. Figure 2 shows the transmission spectrum of the W1 waveguide as a function of the excitation position in the waveguide. The internal photoluminescence of the Ge islands is excited from the surface directly in the core of the waveguide and the light is collected through the cleaved facet. Since we use an internal excitation source, the problems of coupling from an external ridge waveguide into the optical modes with a small group velocity are circumvented. One thus can take advantage of the large photonic density available at the edge of the Brillouin zone. Three resonant transmission peaks are observed without significant attenuation. It demonstrates that the optical modes below the light line can propagate without suffering heavy losses. Another route to couple efficiently light to the radiative continuum from the surface is to rely on multidirectional Bragg diffraction. Normal incidence surface emission can be obtained if the Bragg diffraction condition is satisfied with a triangular or square lattice. This condition can be achieved at the zone center G point of the Brillouin zone. This feature has been widely used for surface emitting lasers [2] . Figure 4 shows a scanning electron micrograph of a triangular lattice and the corresponding photonic band diagram. The lattice parameters can be modified in order to tune the normalized frequencies at zone center with the emission spectrum covered by the self-assembled islands. Figure 6 shows a scanning electron micrograph of coupled cavities in a square lattice [3] . The corresponding band diagram exhibits bands with a very weak dispersion in all crystal directions.
The photoluminescence in Fig. 6 shows that surface emission is resonant, corresponding to one flat band with a small group velocity, but only with a weak amplitude (x3 enhancement as compared to the unprocessed sample). 
